Abstract-The driven system of 165Kg spot welding robot is introduced and the movement coupling of the wrist is analyzed in detail. The influence formulas of movement coupling to each joint of the wrist are derived theoretically. Furthermore, the kinematics simulation of the wrist is carried out by the software of Solidworks. The simulation results are in agreement with the theoretical calculation, which proves the validity of the transmission analysis. These can be used as reference for transmission design and motion control of industrial robots.
INTRODUCTION
In the mechanical structure design of 6-DOF (degree of freedom) articulated industrial robot, the driven system design of the wrist joint [1] [2] play an important role, especially for the robot with high speed, high precision and high rigidity. Due to the thin cantilever structure, the rigidity of 4, 5and6 axes for the wrist is limited to some extent. In order to reduce the weight of the wrist and make the structure more compact, the driving motors of 4, 5 and 6 axes are usually placed at the end of the fore arm, which can increase the flexibility and fast response ability of the end-effector. However, this arrangement may lead to the lengthening of the transmission chains and movement coupling of each axis inevitably appears. Sun Xingchu et al. [3] analyzed the transmission system of robot PUMA-262 which has movement coupling. Lin Yi-zhong et al. [4] investigated the inductive motion produced by 6-DOF serial robot with 3Kg maximum payload. Wang Zhan-zhong et al. [5] [6] [7] [8] designed a kind of hollow oblique axis non-spherical wrist and analyzed kinematics in detail. The non-spherical wrist can enlarge the rotational ability, but the structure is relatively complex.
Movement coupling has influence both on the mechanical structure design and motion control of robot. In order to satisfy the requirements of trajectory tracking and positioning accuracy, the movement coupling relation of each axis must be found so as to eliminate the influence on the position and orientation of the end-effector. In this paper, a self-developed 6-DOF spot welding robot in China with 165Kg maximum payload is investigated as the case. Firstly, the assembly model of the robot is established and the driven system of the whole machine is introduced; Secondly, the movement coupling relations of the transmission on the wrist joints are derived theoretically; Finally, the kinematics simulation of the wrist is carried out by the software of Solidworks. The simulation results are in agreement with the theoretical calculation, which proves the validity of the transmission analysis. These can be used as reference for transmission design and motion control of industrial robots.
II. THE TRANSMISSION SYSTEM INTRODUCTION OF THE 165KG SPOT WELDING ROBOT
The assembly model of 165Kg spot welding robot is established by the use of Solidworks software , as shown in Fig. 1 . The mechanical transmission structure is designed as follows: the joint 1, joint 2 and joint 3 are driven by motors through RV reducer respectively, meeting the requirements of high rigidity and large torque; the joint 4, joint 5 and joint 6 are driven by motors through a certain number of gear groups of deceleration and harmonic reducer respectively, satisfying the requirements of light weight and high precision. For the first three joints, the driving motors are placed near each joint and the output shafts of the motors are connected to the RV reducers to make the links rotate directly. Thus, these transmission chains are relatively simple. For the joint 4, joint 5 and joint 6 of the wrist, the driving motors are placed at the end of fore arm to ensure the less mass of the wrist. The transmission chains are composed of spur-gear groups, hollow thin shafts, bevel gear groups and reducers. On one hand, the mechanical structure is compact; on the other hand, the motion transfer relationship becomes complex because movement coupling of each axis inevitably appears. So, this paper focuses on the analysis of the movement coupling relationship of the wrist transmission system.
III. THE TRANSMISSION ANALYSIS ON THE WRIST OF THE 165KG SPOT WELDING ROBOT
For the joint 4, joint 5 and joint 6 of the wrist, the transmission principle diagram is shown as Fig. 2 . M4, M5 and M6 denote the driving motors of joint 4, joint 5 and joint 6 respectively; 4in , 5in and 6in denote the angular velocity of , and 6 are all not equal to zero. Therefore, In order to satisfy the requirements of trajectory tracking and positioning accuracy, the movement coupling relation of each axis must be found so as to eliminate the coupling influence on the position and orientation of the end-effector. Then, the coupling relationship of the wrist transmission system will be analyzed in detail in the following section.
A. The Case of Motor 6 Independent Drive
When the motor of joint 6 drives alone (that is, 6 0 n . Then
anwhile, com Me ponent 7 is the tie bar and 8-9-10-7 compose an epicyclic gear train.
1) Case 1:
When the reduction ratio satisfies 7 8 n n n n When the rotating speed 7 8 n n , the tie bar 7 rotates along the positive direction of 5 Z axis relative to gear 8. Then (14) 3)
When the rotating speed , the tie bar 7 rotates the negative direction of relative to gear 8. At this Simulation results with Solidworks software and theoretical calculation results described in Fig. 4 . From Fig. 4 , it can be found that the kinematics simulation and theoretical calculation showed com with Matlab software are both plete agreement in results, which verified the correctness of the derivation of the transmission relation in theory. Meanwhile, the output curves of joint 5 and joint 6 not considering movement coupling are also shown in Fig. 4(b) and Fig. 4(c) respectively. From the curves in Fig. 4 , it can be seen that movement coupling indeed has influence on the movement output of each wrist joint. Equation (17) indicates that the influence degree depends on the transmission ratio of each axis. For example, increasing the reduction ration of reducers, the influence degree of movement coupling will decrease obviously. 
V. CONCLUSION
The mechanical transmission structure of the 165Kg spot welding robot was introduced. The movement relation of the wrist transmission system was analyzed in detail. The analysis result indicates that there is movement coupling phenomenon during the process of wrist joint transmission. The extent of influence depends on the transmission ratio of each axis. The kinematics simulation of the wrist transmission was carried out with Solidworks software, which verified the validity of the transmission analysis in theory. The transmission formulas deduced in this paper have been applied successfully on the motion control of 165Kg spot welding robot. These can be used as reference for transmission structure design and motion control of industrial robots.
